Abstract. Three chassis designs have been developed using commercial computer aided design (CAD) software. The design is based on the specifications of UTeM Formula Varsity TM 2012 (FV2012). The selection of the design is derived from weighted matrix which consists of reliability, cost, time consumption and weight. The score of the matrix is formulated based on relative weighted factor among the selections. All three designs are then fabricated using selected materials available. The actual cost, time consumption and weight of the chassis's are compared with the theoretical weighted scores. Standard processes of cuttings, fittings and welding are performed in chassis mock up and fabrication. The chassis is later assembled together with suspension systems, steering linkages, brake systems, engine system, and drive shaft systems. Once the chassis is assembled, the studies of driver's ergonomic and part accessibility are performed. The completion in final fittings and assembly of the race car and its reliability demonstrate an outstanding design for manufacturing (DFM) practices of the chassis.
Introduction
Based on the events of Formula SAE [1] [2] and Formula Student [3] , Universiti Teknikal Malaysia Melaka (UTeM) has started Formula Varsity in 2006 [4] . This biennial student level race competition is initiated to test the undergraduate students' analytical and technical skills in designing, analysing and developing a single-seater race car [5] [6] [7] . In 2012, a team of second year Bachelor of Mechanical Engineering in Automotive (BMCA) students has developed the race car named UTeM Racing Team (URT). This race car is an improved design from the previous cars [8 -11] and components [12] [13] [14] [15] [16] [17] [18] [19] . A conceptual design based on hybrid composite [20] and electric [21] have also been developed. In previous report, 2 concepts have been designed, analyzed and fabricated [22] [23] . However, the chassis's were fabricated to meet the specification [23] and based on available materials. This has led to material waste when the fabricated chassis was not used in actual race event due to its low reliability. In this extended report of chassis development, 3 chassis concept designs are compared. The selected design is undergone with detail static analysis, acceleration analysis, braking analysis, cornering analysis and stiffness analyses.
Methodology
The CATIA V5 R20 CAR software is used in the development of chassis designs. Figure 1 -3 show the concept designs. Table 1 tabulated the summary of each design. Table 2 shows the selection procedure based on the advantages and disadvantages of each design. Table 3 shows the actual components masses that included for the later stress analysis. 
Analysis
The total mass of the car with its components and driver (70 kg) is about 270.3 kg. This value is used in the Von Mises stress analysis. Figure 4 to 9 show the location of the forces and clamps for static, acceleration, braking, cornering, front stiffness and rear stiffness analyses respectively. As shown in Figure 4 , for static case analysis, only the major components that were placed inside the chassis were considered. These weight components were the weight of the engine and the weight of the driver. The mass of the engine was 20 kg while the mass of the driver was approximately 70 kg which were about 200 N and 700 N respectively. The clamps were placed at all the parts of the chassis where the brackets were attached. The weight of the driver was distributed to the seat mountings while the weight of the engine was distributed to the engine mountings. The loads were directed downwards. In Figure 5 , for acceleration analysis, only the major weight components of the car inside the chassis which were the engine and driver were considered. The loads and clamps were placed at the same parts of the chassis as in the static analysis. However, the loads were directed backwards, since, during acceleration, the engine and driver experience inertia whereby the mass of the driver and engine tends to stay where it was (pushing backwards) when the car was moving forward. In Figure 6 , for braking analysis, the loads and clamps were placed at the same parts of the chassis as in the acceleration analysis. However, the loads were directed forward as during braking, the engine and driver experience inertia whereby the mass of the driver and engine tends to continue moving forward when the car is being stopped from moving forward. In Figure 7 , the same magnitude of loads was distributed to the same mountings in the cornering analysis. However, the loads were directed to the side, as during cornering, the driver and engine experience inertia whereby the mass of the driver and the mass of the engine tends to stay where it was (pushing to the side way) as the car turns the other way. The front stiffness analysis was performed to test the stiffness at the front of the chassis as the chassis experiences torsion during cornering. As shown in Figure 8 , the clamps were placed at parts of the chassis where the brackets at the back were attached. The load was divided at ratio of 40-60 whereby for front torsion, 40 % of the estimated total mass of the car was used (100 kg). This mass of 100 kg which is approximately 1000 N, placed at parts of the chassis where the brackets were attached at the front. The load was divided equally on both sides, one directing upwards while one directing downwards. The rear stiffness analysis was performed to test the stiffness at the back of the chassis as the chassis experiences torsion during cornering ( Figure 9 ). As shown in Figure 9 , the clamps were placed at parts of the chassis where the brackets at the front were attached. The load was divided at ratio of 40-60 whereby for rear torsion, 60 % of the estimated total mass of the car was used (150 kg). This mass of 150 kg which is approximately 1500 N, placed at parts of the chassis where the brackets were attached at the back. The load was divided equally on both sides, one directing upwards while one directing downwards. Figure 10 -15 show the stress distribution for each analysis. Figure 10 shows the Von Misses stress obtained from the analysis. The maximum stress obtained, which was 99.3 MPa, is the allowable stress while the yield stress (ultimate stress) of the material is 290 MPa. These values were used to calculate the factor of safety. The factor of safety was obtained by dividing the ultimate stress with the allowable stress which produced a value of 2.92. Figure 11 shows that for acceleration analysis, the maximum Von Misses stress value obtained was 52.8 MPa. The same method of calculation for factor of safety yielded a value of 5.49. Figure 12 shows that for braking analysis, the maximum Von Misses stress obtained was same as in the acceleration analysis which was 52.8 MPa thus it yielded the same factor of safety, 5.49. Figure  13 shows that for cornering, the maximum value of Von Misses stress produced was 68.4 MPa. The corresponding calculation for factor of safety produced a value of 4.24. Figure 14 shows the maximum Von Misses stress value obtained from this analysis which was 133 MPa. When the yield stress of the material was divided by this value, it produced a factor of safety of 2.18. Figure 15 shows the maximum Von Misses stress value obtained from this analysis which was 254 MPa. When the yield stress of the material, 290 MPa was divided by this value, it produced a factor of safety of 1.14. 
Results and Discussion

Conclusion
The simulation analysis results have established approving outcome in term of factor of safety at different loading tests. In overall, from all the analysis, conclusion can be made that the chassis was safe to be used. The factor of safety ranged from 1.14 to 5.49 which were acceptable. When the factor of safety is lower than 1, a structure is deemed to be unsafe. In industry a factor of safety ranging from 2-5 is preferred depending on the situation. In our case on the other hand, a factor of safety of 1 is also acceptable as this chassis was made for a one-off race event and not for durability. Thus, having a factor of safety equalling to 1 in certain situations is considered to be safe as the structure is strong enough to support the load while certain factors such as fatigue was not considered. If the factor of safety is too high, this would cause an unnecessary increase in cost and the mass of the chassis.
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